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U. S. ARMY OPERATIONS RESEARCH SYMPCSIUM

2¢-30 March 1966
FOREWORD -

In the last few years the Army has become increasingly more conscious
of the employment of modern study techniques in the examination of alterna-
tive decisions which may be made concerning current and future operations.
With the increasing costs of complex weapons systems and increasing atten-
tion to the development of a multipurpose Army, it is vitally necessary
that full attention be directed toward the improvement of these study
techniques themselves. Jne method by which this may be accomplished is the

conduct of symposia designed to bring the participants abreast of current
developments.

The theme of this year's Army Operations Research Symposium is
"Life Cycle Management of Materiel." The papers to be presented are com-
piled in this volume. Being responsive to the theme, they are primarily
hardware oriented. As in previous years, papers have been accepted from
Army personnel working on operations research projects and from persorael
of the several contractors working in this field for the Army.

This compilation of preprints represents a new procedure with respect
to this series of symposia. There will be no formal post-symposium pro-
ceedings, as there have been in other years. It is believed tnat the new

system will elicit more valuable discussion of the papers at the symposium
itself.

The Department of the Army has encouraged this series of symposia
as one means of stimulating the in-house operations research capability.
The forthcoming symposium evidences progress in this direction since it
is observed that of the papers accepted for presentation, approximately
three-fourths are by Army operations research personnel.

Cbod Pl

ROBERT E. KIMBALL
Colonel, GS
Director of Army Research
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A 3TUCHASTIC SURVEILLANCE DECISION MUDEL
CYBERNETIC CORRELATORS

by
Erwin Biser
Avionics Laboratory
USAECOM, Pt Monmouth, N. J.
1. INTRODUCTION:
The notion of multisensor surveillance sBystems has come

to the fore in recent years, Vv is pertinent, therefore, to postu-
late a surveillancs oystem consisting of a finite number of hetero-
gensony pensors such as photographic, optical, electromagnetic
(types of radar), infrared (IR), lasers, etc. The concepts of organiza-
tion, in the cybernetic 3ense, and of informatica conteat naturally
suggest themoelves with regard to problems of system analysis, sys-
tem synthesis and insegration of a multisensgor surveillance and re-
connaissance complex.

2 SENSOR EVENTH, TARGET EVENTS ARD THE SYSTEM CONCEPT:

Associated w. th each sensor are sensor-events; these are
responses (mometimes apvrious) of the censors, say, the blip on the
radar scope, to objects "out there ' in spaoce which may yield informa-
tion about the presence or absence of targets. It is by means of %the
sensor-events that detsction identification, and recognition of targets
are accomplished. The knowledge of the characteristics of the ssnsor-
events does nct determine uniquely and absolutely the presence or
absence {let alone the type) of a target. These sensor-dats may also
take the form of the values of parameter measurements such as the
average power of a sampled signal.

By a target event is meent simply the presence or absenca
of a target "out there" in e spatio-temporal region  that corresponds
to or iy inferred from a set of senscr-events or their parameter

values, Note that a sensor is expected to yield a return on the baeis.
of which the presence or absence of a target is estimated. Even in




(N

the case of a radur sensor the range-azimuth-elevaticn triplet
may nuvt indicate the presence or absence of a target with certainty.

3. THE CONCEPT OF INFORMATION CONTENT OF A SYSTEX:
The concent of randomness is ths fundamental concept
underlying probability, statistics and information theory; it is

this concept that forms the inextricabiy c¢lose relationships of the
three mathemetical disciplinesz., With entropy ie associated uncer-
tainty. Entropy is the quantity that measures the amount of un-
certainty {(the mean uncertainty) associated with a probability space:

1. (&)= = > p(A)log p {4)
where the probability spaces is given by'

(""l’;)-'.) ﬂ.“
2 A. = A‘.’) fl_}.o- )Pw

The logarithms are taken to an arbitrarily selected vase(excert zero);

and p, log p,= 0 if p, =0. H (p, , D, yeesP,, ) i8 an increasirg
funcggon of the p , 1~ s. 1t is equal to zero if and only if one
of the p, 's takes on the value 1 and the others are zero$ in all
other cases it is alwaye positive. The entropy of a space increascs
as the probabilit{msin the space dscrease.

H(A) , the entropy of A, can also be interpreted
s8s ylelding the mean uncertainty about A after an observation;
and as providing tke mean uncertainty about the probability space A
prior to an observation. The terms uncertainty and information will
be used interchangeanly.

it can be ghown that the entropy of'tne product
space (X Y) is given by:

OH(XY) = —g./’/xv:/) log pex,gp)
. Hexy) = HEX)+HCEYIX)

[s¥]

[ X%




where H( Y’X) measures the average additionsl amount
cf information needed to sgpescify the valuer of the elements
of the. probability space Y if the values of the events of +¢fe,
space X are knowr. F%Cﬁ/')() is the r.onditiongl entropy
of the space Y  given that the events of the space X
have been observed.
It can alsoc be shown that:

4. HCYIX) € HY)

This is Shanncrn's Fundamental Inequality.

This equation states that the entropy of a finite
probability space Y cannot be increased as a result of
observations on space X ., It car also be shown that:

s HIXY) & HOX)+ HCY)

The equality sign holds if and only if the spaces X and Y
are statistically independent. This inequality can be
generalized to the product of any finite number of spaces:

6. HXYZ) 2 HX)+ HY)+ H®)

The last inequality constitutes the condition for the information
space (XYZ) to be consistent. It has been shown that *

TOHCS)E AR )t HCE et HES,)

¥Krwin Biser, "Partitions of Discrete Information Spaces With
Some Systems Applications." Transactions of the Penth Conference
of Army Mathematicians; June, 1965, ARO-D 65 2.




where -£§, R é:'_"., Ca § 3 is a kx-partition of S (& probability

~partition‘of S 01i 29
space). A k-partition of b)smbollzed by TT"" (3) is
given by the two conditions:

8a) I = S v S U,...vuS§

“%
) % NS = @
J 4

¢ is (the null set)) tor /:,(: 4

This means that the information spoce S is the union of a
finite number of subspaces that are pairwise digjoint,
where \; (likewise S ) is a subspace of S , that is
by itseff a product ';%ace of /3 spaces,

It can be shown that if[% -’33 is a 2-partition
of an informstion space S , then: “2

9. H("%IS&) = H(S)- H(S.)

10. H(i‘ %) — H(g) - H(:“J:;_‘)

] @,f S/.'.&) is the amdunt of information provided by
subspace (g1ibsystem) S, about subspace (subsystem)

<3
~ : %
Likewise, for H S. )

(/_d/ S}i)

. EXAMPLE

s = C.x.XzXaX4) » $he product space of X, . X., ¥,

4 “u

S, vsS %n\ﬁ;&zgﬁ

S.: 2
B HGS) = HCX X2 X Xy )

1. S= (X.%,)  S:= (X X3)
[ 4

12,

L
-“"'—«M

'
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14, %X? x43/(x,xa)_j: H O X0 X A - /‘/d’;]s:) =
The foregoing conptitutes the informaticn theoretical concept 9f syriem as mn

informatipn space, as the product space of persmsters that eare effactively system

descriptors. The parameters can stand for operations, sctivities, functions of sub-

systems, and probabilities, e.g. probability of detection, probavility of identification,

etc. Por our purposes each parsmeter is restricted to & finite set of values. Thus

the subspaces alluded to in tue preceding discuseion are essentially subsystems of

an information system.

L., THE CONDITIONAL ENTROPY CRITEATON:

let “f be & set or class [pattemn) of target events. 7 — 5 7,"] VL?/ .

1s a 2-partition of /7. Similarly, let S = f‘ S, .5';,,}

be a z-partition of & , a set or class or pattern of sensor-cvents, composed of
responses to two types or classes of ta.rgets,"zy axd 7, . ‘
¥hat we have ir effect ia a system responding to two classes of target-events; and
yielding two classes of éemor-events.
Let /6['2’/097) be the provability that e 7.- 17 the observable
SeZ. vhere L] =[R2 .
f ['ZZ 9. ) is the probebility that 7% 7] edSe §+  simltaneously.

S

”(,7:/ ) az the additional informetion sbout glven the cbservation of

the sensor-event 5", .

g
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15,

Sl & L i Py ‘F—‘wm e i

H (TI3)= 2? /bfv"/é”)/bfs)
L G | ECT/9IPERI+ po ) S) prs)

PCEIG) pr3g)

Equation 15 is obtained from the following considevatinns:

16.

17,

18,

1 .

O

Z .

[ =]

Equation (15) i the information-theoretical criterion; it
for a decision function which to be minimized.

data is partitioned into g

HCTIs) = =~ Z Z32 pCT 9)&1/"(/ /.s=_)

Ses

:T&%J‘% T p)/,Z}W/s7

[red / -
FOS /'7'),6/ )= P77 )/’/J = o Z.3)
/:,/g‘s;-) =037 pr7d PACSIT) PO

Simca. & =T <;'S’U 7S

26 3% FOT SO+ pOrs), pes)s PO )frsiz )
+ PCm) s s )

is essentially an expression
More precisely, the set of sensor-

and % in such a way as to minimize the conditional

e




information expression, into which a cosi-function has been inserted.

Experimentally this mzans that a dacicion can be
rendered in accordance with a preassigned decision-criterisn say, the conditional

entropy criterio_n,whether a tarpet ‘77 belongs to 7 or to 72 . ifitis

possibl: to classify the sensor-data received into dichotomous sets S,

and

\5‘.‘2 « Then the decision ir made by minimizing an expression for the conditional
entropy, of the type shown in equation (15). 9= ‘[3‘5:4: Spasey 5/.;,9) Ba,5%a, 0 %5
The aforementioned expressiocn can be made more specific by inserting
vzines for the apriori and aposteriori piobabilities, as given below:
21, .F" = /b (-9’ )
g z /- /"l = P/"l.)
J
b, = FCTIS)
;” - /*,hu = /6(‘75 /3,)
fa FO7 (%)
ém - I fm = POTLS,)

il

5. RISK FUNCTIONS:

In ail decisions one incure a risk in making a choice; for instance the risk

involved that the target’7’ belongs to ’7; when in fact it belongs to 77

or vice versa.

R |
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Let C.,z F be the cost of choosing g 7, when in reality #% € 7°
7

Similarly, for < .

‘R
1,
Let ﬂ' = g],/c.;'
Now it is assumed that %, > f for the cost ratio to favor 7’ € /7] %,

likewise, Xz = X denotes the fact that the cost ratio C; z/g favors deciding
4
£

that 7 & 73 ’
If % is chosen then all the occurrences of A , the apriori probability that

S  belongs to <y are multiplied by & in the expression for (7l g)

and the conditional decision criterion is minimized;

H crl! SDR is minimized. Simlarly, this can be
Y, .
done for J S_) 2 7 R ) cHoe v |
HCTI 2 » 7F 8]
{all occurrences of d?' are

multiplied by K, -k, *Howid X &M R R, D),
To sum up: We have a decision rule that enablea us to pertition the sensor-
event space 5 into two dichotomous sets oJ, and .% in such a way that if an
observed sensor-event, say 8* belongs to ? )' (/:- /, R _) , then 77 ig
lected to be to T ti=L2R)
se 1long d ){f L=z)

wor Cn gD R CIaT DL
The event-space 5 is partitioned into @ &and 3_, with a.' view of minimizing

Hcr /SJ& o HOTIZ)

=T

o S

in
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6- .  INFORMATION CONTENT COF A SENSOR PARAMETER:

Let us now turn to considering the emount of information eontributed

by a single signature parameter of a sensor event. By & signature parameter

1s meant the characteristic of a response, zuch ae the spectrsl density of &

signal, etc, thet helps to recognize or identify a target. The amount of

informaiion delivered by a particular value /é(, of a sensor-

event parameter to the recognition of a target class, pattern, or class is

IR IO AL ["igj""f}

where & stends for the k-th parameter value; kel to .4 .

5_)‘ 'd/:‘ ) is the smount of information
provided by the k-th measurement of the paramcter of the sensor~event
4& about the target-event ;‘ (the target class
i.e., that a terget ‘?' belonge or does not beloang to target clase

‘E‘.
. If en event /é..,ﬁ, has occurred, the information supplied by this

knowledge alone is given:

22, Trd, N = - p)

The average value of self information ie glven by:

. T4 ) = _‘zﬂﬁf Yoz peg )= #03)
I’/;//%() cen b expreased as:

_._ \ ot - 772 M)
-1—/67//5{;,;)’““’*!//-»«’ J




This &hows that I/«Z j’/é‘)iﬁ symmwetrical in }; /{i( 3

it 1s called the mutual informetion between é' ard ,J
 I/rId) = WG /4 )

;A/{) is the uverage value of the condition:} self information.

The aversge information contributed by 21l the parameteyfover the entire
[

sample of ,éb discrete pavemeter values and the j target

clasaes is given by:

5 140
:331;3}!)*7?5#7//{4)% .__é;;s_{_

" Mg A= PIA LIS
the infermation cont tent of the signature parameter /;4(’ ie:
W I(F, 3)= %% ;‘/5) M;‘/? )4 pdL Je )-}Ag‘,%

25 (5, 4= - %f//.? /;),sg)m/;)

/)/2 A/ ) = the conditicnel probability that the target g belongs
to ]

y7 after a particular parameter obaervatioxmf

the sensor events has been made.

»
%/J : ) = the probability that the given parameter has bean meanured,].e.,

that the parameter measurement has been obtained.

10

0T ey
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/’4;‘ /'f,) = the probability that the given parameter cbservation is obrained
6; from & particular target 5 that belongs to class ?’

f)/‘g‘\) = the a priori probability that a particular target ? is
a member of clase d‘j . '

The average amount of informstion obtained by a set of signature
parameters about & target class T is the diffcrence between the
ertropy of the parameter dietribution for sil the target cissees and

lhe entropy of the distribution of the parameter undergoing observation

cnd measurement.

11
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7. THE DECISICA RULE:

In this paper we are concerned with making decirions in selecting a
target to T, or to T&' Thia decision is mede upon a predetermined
criterion that enables us tc separate the class ©f sensor-events into two
dichotomous sets S' and §3 . The classification procedure is eseentially
equivalent to the partition of the sensor-event space and subsequently the
target space into at least two mutually exclusive sutspaces. Points of the
Bensor space are adsigred to each subset with virying degrees of probebility.
In order to make sure than an arbitrary sensor event 1s given a unique
assignment to ope class a threshold megnitude is selected on the basis »of
both theoretical judgment and experience.

In our prusent discussions there are only two classes of gensor events
and tw sets of target events. It is well known that an optimal decision
rule for this case 18 one in which the test statistic is & likelihood ratio;
this ratio is compared with a threshold, say, K.

The a priori likelihood of an event to occur or of a hypothesis to be
true is the ravio of two probebilities. The a priori likelihood, for instance,

of a sensor event to occur is the ratio:

F3)
ey

vhere }blifl) ie the probability that the sensor event S does not occur

and the a priori likelihood of a zensor event to belong to class §‘ is the
tio:
ps)

-
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g B — = P

We shall as the 1likelihood ratio the following expression:
v
¢
L(3) = 4 4

where pl and q' are defined {n equaticu 21.

If L(3)~> K, 8 ie selected to belong to Set 3,

If L{8) £ X .8 s selected to belong to 8,

For a given smensor event 5 0

with the following expreseion:
K - /bl Q,/
;i (‘U 2

This expression is contrived. to minimize the averags cost.

that clese ig selected for q.m in sccordanca

™his is the

threshold chosen for the 1ikelihood ratio, vhere C,, wd G g

are the costs o mdisclzseification as shown in the previcus

discussions,

g
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GROUND COMBAT CORMUNICATIONS SIMULATION MODSL

Mr, James W, Virden - Technical Program Director
Robert H., Parke -~ Specialist 7 - Mathematics-Statistics Assistant

U.S8, Army CombLat Development Command

Communicationg—~-Electroulcs hAgency
Concepte Mvision

A. Background of Development

A Combat Development Communication Electronic (CL/C-E) Study
normally concerns ail echelons and elements of command in one or more
trture time frames (10-20-30 years in tLhe future), therefore, a wide
variety of viewpoints must be considered in the preparation of such a
study. As the study is developed, the author must figuratively
project himself, step-by-step into the following positions:

Platoon: Leader, Membeur

Commander and his principal staff officers: Company, Battalion,
or Brigade

Commanding General and his principal staff officevn: Division,
Corpz, Army, Tueater Army

Also of primary concern in a CI/C-E Study are the viewpoints of
the Signal or Communications Officer, Signal NCO, and Communicetions
Specialists, into whose roles the avthor must project himself in the
following types of commands;

Combat
Combat Support
Combat Service Support
in addition to placing himself ain the above positions the author
should further project himself into futurc time frames and depict the
wide variety of environments (geographical, social, political,

economic, and technological) expected to be in existence »t thoss
tises and places,

*

The opinions expressed in this paper are solely those of itz
autnors, aud do not necessarily reflect the opinions or pulicies of
the Agency or Command.

1L




it is obvious that uno one individual, or A small group of indivi-
duals asssmbled, can have had eageriesrce in all the positions listed
above, or even in a majority of the povitions, Further, no one has
had experience in the future. 1o provide a semblance of the talent
required for such stwdies, men with years of experience are required
to perforu much researrch and study before they can develop a study
with any degree of vslidity. However, if much .! the position
experience could be placed on a computer, and specialists of various
technologies furnish future projections for the commiter, and then
these experiences and projections correlated und played in actions,
more valid studies cou:l bhe produced with much less learning research,
and mental correlation required cof the authurs, It was this thought
of almost ten years ago that gererated a contract to General Annlysis
Corporatior to study the fersibility of simulsting communications
ideas or concepts on a computer., The results of the study indicated
that simulation of communications to determine the effects ol comauni-
catiocns on combat would be feasible, and 2 subsequent contract was
awarded to Gensral Analysis Corporation (lster consciidated with
CEIk, Inc.) to cover a period of 5 years for develcpment of ‘the model
which would be abie teo simulate the communications of a Type Field
Army in combat. Dxis to & variety of conditious, net the least of
which was the state—of=-the-art in ccaputers at the time, this complete
objeciive has not yet been met., It was dal-mined to start in the
combat area, mainly within the Division, and to work back from there
throughk Corps and Army for the development of the model. Using the
IBH 709, a computer in Fort Huachuca, it finally developed thai ¢
get sufficient detail for the Livision model it was required that
computer time would run 4 to 8 times tha* of actual combat, Axv the
end of the 5 year contract, (he Division model was compictza to run
on the IRM 709, Early in 1865 another contract #as awarded tc the
Philco Cornoration to:

Raview pud update the logic of the modsl.

Rework t’ - model for the IBE 7080 waich is now instailed at
Fort uachuca.

Validate the model.
Désign & methodeliogy for automation of inputs.
The first two tasks have been completed and work is in progress
on the Fast two. Runs made to date indicate the model is wvalid.
However, the task 18 not yet complete. The completed tasks have

developed the medel to the point where it now can be run on the [8M
7C20 in a computer time/combat time ratio of 1:1,

5]
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B. Summerv Description of the Simulator :

The Ground Coabat Communications Sinulation model is a free-
running, completely inclosed mathematical and logical model of ground
combat betwsen two forces up to Division in size in which ccmmunica-
tions and inforzstion flow is specifically considered, Tho mudel
pormita 2 detailed observation of communications ewvents in & realis-
tic combat envircnment, and provides a masns of measuring the
relative merits of competing commurications systems or concepts ian
that same combat eavironment, The mcdel augments the usual methods
available to the ~vmmunications system designer by providing:

1. More precise comprtation of the effects oX combat phensmena
on the cosmunications gystem, its organization and doctrine,

2. Information to the designer 80 he can more explicitly deter-
amins the "botitle-necks” or problems likely to occur within
a communicstions system which may be caused by the charac-
toristics of tlhie system, its organization, its dottrine,
and the eficcte of combat.

3. Information to the system designer 20 he can better deterxine
the comparable effects of the communications systems on the
crmbat in terms of time required to reack an objective,
sttrition of enemy forces, and attrition of friendly forces.

4, Reportz of actions printed out in exhaustive detail, cr
directiv available in computer language for statistical
an=178i8 by computer techniques.

5. Consideration of complex interrelated details such as intel-
ligence data flow and forward observers.

6., EBasy expansion to include models of phenomena desirad to be
studied in detail, but which are too complex for manual or
mentel processes.

7. Ability to quickly and resdily repeat games with small
changss of initial conditions or parameters.

8. Ability to quickly and readily play variations in the zharac-
teristics of equipment and systems not yet in the design or

production phase,

€. Significance of the Model

The Groavna Combat Communications Simulation model 13 u significant
brzakthrough 1n the development of analytical tools and techniauss to
study communications and actions i~ the tactical hattlefield., Although
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si-u1lations and war games presently exist which can be used to covaluate
situations in a combat environment, they generally Zc not offer the
following capabilities which this modal offers:

1. Explicit and detailed play of communications and message
flow in & dynamic environment -~ Many.simulations have been
constructed which play message flow, but only or the basis
of statistically generated or predefined message load,

2, Completely inclosed, free-running system ~ Many simulations
and games require human intervention or some other manual
manipulation, This makes repeatability of experiments and
evaluations extremely difficult, 1f not impossible,

3. Explicit and detailed piay of intelligence and decisicn
interaction ~ Although a few simulations have played intelli-
gence actions in the tactical battlefield, they generally
required use of human judgment since rules of play were not
completely explicit or detailed.

4. VWide flexibility of use - Through use °f executive control,
model compartmentation and ability to change slements of the
data base including both initial conditions and parameters,
Most simulation and games have only a single orientation and
can not be easily modified.

5., COumprehensive modeliing of the functions of fire power and
maneuver, including the decision and communications process
reiating the two functions.

In the hands of competent and skilled anralysts, the model c¢an
prove to be a sophisticated and significant advance over any existing
analytical tools for evaluating communications systems, concepts,
equipment, operations and doctrine in a combat environment, and the
comparable effects between two or more communications systems on
combet,

D. S8imulator Design

The simulator is structurally an extensive, modularized computer
program operating on a large store of data, run on an IBM 7090 com-
puter using an IBM 1301 disk storage unit. Tactical actions of
organizations in confilct are determined by logic and input data which
spacify the Table of Organization and eq-ipment, organization for com-
bat, standard operating procedures, tactical and other doctrine,
migsion, terrain, environment, and the communication system, Any of
these data may be changed by the analyst to study the ability of the
communications system under analysis to surport a wide range of

tarntdAant o~
LR SR 42 -4

altlicns wiinin the limitation of a realizable action.
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The simulator proper is a large collection of loglical rules nnd

nathematlical models for leading two copposing military forces through an

exercise in much the samo wmy that Red and Blue teams lead opposing
forces ovc" 4 map in a traditionsl map exercise. The rules and modols
of the simulator correspond tu the rules and facision proceases
followed Ly the players snd umpires of a war game,

The foliowing tactical actions are played in detsil:

1,

3.

4.

5.

Close combat fires including attriticn, splitting of fires

from armos, 'nfantry, and mechanized elenents, and coordina-
tion between adjscent elements,

Artillery fires including target selection and allocation of
both direct and gsneral support batteries,

Moverent of front line units ioward objectives with rear liine

units adjusting posicion appropriately,

Krneuver:

a, Offense, to include advance tc contact, penetration, envel-
oprent, turning movement, exploitation and recornaigsance
in force,

b, Defenss, to include mobile defeuse, area defense, and
combinations thereof,

¢, Retrograde, to include delaying zctions and withdrawal,

d. ’Cblnitnent and decommitment of Companies, cosmitament of
Battalions and Brigadesa, and allocation of artillery and
other support from reserves,

e, 8election ¢f lires of departure, character of route and
objective,

£, Movement and deploymert cf outposis, special units, rear
echelon elements and reserves,

Coamunicutions of all types:

b,

C.

Speciiically, tactically essential messages whose indi-
vidual delivery affects the course of combat,

Generally, tectical and logistical messages whose per-

formance is eventually applied to effactivenasa o fxons
Iine unitas,

Complete representation of the physical capabilitties of
comnunications systems in & combat environment,

18
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6. Conbat survelllance, target acquisition and intelligence.
7. Route selection as a function of terrzin and intelligence.

The Simulator is an extremely flexilkie tool in two ways:

First, the user can apply it to any initial conditions within

certain broad limitations of the oversll capecity of the Simula-
tor., Initial conditions refer to the type of military organiza-
tion, the number and kinds of units in i1, the weapons a2nd other
hardware items with whicli the units are equipped, the terxain on
which the exercise will: take place, the objectiveas of the oppos-~
ing forces, and sc on. Of course the Simulator will not operate
without these initial conditions, ond every applicetion of it
will require the specification of these initial conditions. Tie
specification must be in much the seme form as would be made for
a map exercise,

S8econd, the extremely large number of parametsrs which cccur

throughout the rules and models of the Simulator. Tne parameters

are simply all the numerical values which occur in the rules,

Thus, one rule may gtate that, with no opposition, & certain kind

of tank will move 15 miles per hour over & certain type of ter-
rain. The number 15 is thus s parsmeter. The sser ca&n change
the parameter to any number he lik-s and thus explore the impli-
cations of differing tank mobility. There are literally thou-
sands of thess parameters in the Simulator, corresponding to
such effects as artillery range, damage effect of artillery
barrages, relative fire power of different wasspons, reliability
of communications equipment, signal-to-noise xatio asg a func-
tion of range, etc. The ability of the user to adjust thesc
parameters to his particular puarposes makes the Simulator an
extiremely powerful aund versatile aralyticsl tool,

The Simulator is designed primarily as a test enviromment for the
analysis of communications systems performa.ace. Thus, many elements
of tactics such as the opticns available to tha command/coutrol
decision programs ars limited as the model is now designsd angd sr
ot sufficient for advanced tactical studies. However, the basic
programs which (1) compute fire, attrition, movemont rates, artillery
damage, suppression and targeting, acquisition and dissemination of
intelligence, and which (2) control communications, are considerably
more sophisticated than played in other simulations and games., For
exampie, the following actions are cycled in 1 minute, 5 minute, and
15 minute cycles as indicated:

o
~
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CNE MINUTE CYCLE

Attrition and Movae Rute and Movement of Front Line Units

Current attrition and move rates are computed for ifront
line units. The front line units are moved along assigned
routes toward their objectives at the current move rate,
Status reports are sent to the Battalion,

Ccordinztion of Fires and Intelligence

Adjacent front-line units e¢xchange fire-coordination
messages, Front-line units and forward observers acquire
intelligence and transmit intelligence messages to
Battalion headquarters and fire direction centers res-
pectively.

Direct Support Artillery Fires

Direct support artillery fire: performs target snalysis;
generates target lists; allocates batteries; fires
missions; requesis reinforcing fire fram the Division
Artillery as required,

General Support Artille.y Fires

Division Artillery: performs target analyasis; allocates
missions to gen:ral support Battalions; Battalions per-
form target analysis; alliucate batteries; fires missions,

Ground Combat Fires - Artillers Demage Assessment

Computes damage on targets from artillery firee, acquires
targets, and computes the suppressive effect of artillery
fires, 8Solects optimum weapon-target satch for closed
combat weapons., Computes the amount and type of fire
recoived by each unit in contact. Computes force ratios.

Impiesment Battalion Decisions

If the Battalior commander has docided to cosmit or de-
comisit a unit: change unit comuit atatus; move the unit
to its new location; generate status reports to Brigade.

Process Haosages

Process all medsages over the comunicationa avstem
Proces:ing entalls: me3sage center procedures; encryp-
tion and decryption of messages; route selection and
switching; implementirg "busy' doctrine.
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FIVE XINUTE CYCLE

Generate Administrative and Iggistic Hessages

This message load is genevated through the Division area,
The tactical effect of c.mmunications system psorrormance
is determined.

gnits in Contact

From the list of major elements in contact, opposing paira
of units that have the potential for cratact in the next
five minutes are determined and listed.

Attrition and Move Rates -~ Pattern Movements

Current attrition and move rates are computed for all units
rot in & committed status. Movement orders are generated
to units in patterns as required. Units in movement pat-
terns that have received movement orders begin or continue
movement Yo new locations,

Communications System Status

Deterrine current status of all circuits. Status is:
operable; degraded, or inoperabhle. Ztatus is a function
of: distance; damage; reliability, radio frequency
interference,

Battalion Commitment or Decommitment Decisions

Battalion commanders evaluate intelligence and the status
of froni-line units to determine the necessity for

commi tting a reserve Company or for decommitting a front-
line unrit.

Implement Brigade Commit Decisions

If the Brigade Commander has decided te commit: Commit
orders are sent to the Companies; Battalion commit
status 1s altered; a route to the pre-selected front-line
position is chosen; status reports to the Division szo
generated,

implement Division Commit TNecisions

If the Division r~ommanding general has decided to cosmit:
2 commit order is sent to the Battaliun commander after
staffing delay; the Brigade commitment status is altered;
and routes are selected for the movement of Battalions
into their front-line positions,
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FIFTEEN MINUTE CYCLE

¥ajor Eiements in Contact

Determine and list opposing groups of units that will
come into contact with one another in the next 15
minutes; the basis for the range of surveillance devices;
and the basic move rate.

Intelligence Acquisition

The reccnraissance units having a long-range surveillance
"capability acquire intelligence about enemy units.

intelligence Reports

Reconnaissance units transmit intelligonce reports to
the Division headquarters, Division artillery, and
Brigade headquarters,

Dissemination of Intelligence

Intelligence reports are exchanged by all headquarter
units,

General Outpost Line Decisions

Status of the general outpost line is checked to deter-
aine whether or not withdrawal is in order:. If so, the
general outpost line units begin moving to pass through
biccking unite in the initial deleying position,

Division Commit Decisions

The Division commanding general evaluates intelligence
and status of the main effort Brigade to determine the
necessity of commitment of the reserve Brigade. If
necessary for commitment, the commit order 1s generated,

Brigade Commit Decisions

Brigade commanders evaluate intelligence and stetus of
commnited Battalions to determine the necessity for commit-
ment of a reserve Battalion, If the commitment is
necessary, a commitment order is generated,

Determine Terrain Values

This assign terrain classification values to all units
based upon their map location,




The Simulator is currently programmed in FORTRAN II, Version 3 pro-
gramning language for operation on an IB¥ 7090/1301 couputer system or
equivalent, The simulation as now constituted operates in approximately
real %ime; that is, one hour of game time is oquivalient to cne hour
of actual combat.

B. Concept of Operation

The model i3 a mathematical model which operates using two major
elements: a logical structure, and an cperational data base comprised
of tactical data and communications data {see Figuxre Nr 1),

1. The logical Structure - consists of three basic models (see
Figure Nr. 2).

The Tactical Model - which simulates for each unit the
operation of fire, movement, attrition, intelligence, deci-
siors, and the need for messages and their generation.

The Commurications System Model - which simulates the

actual communication system and evaluates the current status
of its components, (i.e. Equipment damage and failure;
operability of link hecause of movement of units; radio
range; wire failure; radio iaterference),

The Message Traffic Procecsing Model - which simulates the
actual flow of messages as they undergo communications
center processing, coding, handling, route selection, route
availability and switching, transmission, and delivery
deiays.

2. The Operational Data Base - consists of two major groups:

Tactical Data - represents the "initial conditions" or
scenario and includes information on:

Terrain

Tactical organization and dispesition
Tactical sitiuation

Missions and objectives

Other physical factors

Communication Data - includes information on:

Communications equipment and systems
Communications operation, including nets
Communications doctrine, including operating precedures




e

Fgf._._

esn sojopuwig jo jdedwo) - |

SNiBiS
wejsig
U0 OJIUNUWIO )

SNJo}
u:_mmmoSm
sbossoiy

uoliong
1034301

S1nd4LinN0
HOLYINWIS

e4nbi 4

3¥NLONELE

21907
HOLVINNWIS

4

A
ouLIo0g B

uoijossdQ ~ WeisAg
SUOHDINNWIWO

juawdinb3 - wejshg
SUOI}DIUNWIWOY)

SLNdNI vivd
SNOILVIINAWNOD

$404004
iD218Ayg  184i0

$8A11001QD)
g UoIsSIN

UOHDNYS 1DOHOTL
wotyisodsiq 8

uoydzZiuDbug

[ooyoo]
uiD449 ]
.._qo_.rmq._.
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System

Messages Sent
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Units Hinder Message Process-
Msssage Processing ing affects
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Figure 2. Simulator
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To use the Simulator, the analyxt first inputs the prograes and
data describlng the Simulator's loglic structure to the computer. Rext,
the analyst inserts the operational data base to s used in the evalua-
tion, consisting of the tactical data inpute and the cossunicitions
data inputs. J

The tacticzl dats inputs describes the tarrein over which the
tactical action will take plece, and describsas the tactical organizs-~ '
tion and dispoaition, together with. the concapé ¢f operations for both
the friendly and enemy forces, missions and cbjectives,

The communications data inputs are descriptiocns of the communi.ca-
tions system equipment, operations and doctrine tu be tested,

Using these initial conditions, a simulation run is made to svelusts
alternative communications concepts. Appropriate changez ars made to
the communications data and new runs are msds, To evaluaste the effects
of tactical organizetion, disposition, wf~sion, etc, on a give: conmu-
nication concapt, appropriate changes are made to the tactical dsta
and additioral vuns are made,

This will produce three types of output informstion:

1. Tactical S8ituation Reports describing the fiow of the tactical ‘
action in terms of unit location, attrition levels, and |
amounts of fire delivered or received.

2. System Status Reportis indicating which circults within the
communication system are inoperable due to movement of the !
varioug units, signal equipment damage or failure, effects of
range, and the effects of unintentioral radio interference,

3. Message Processing Reports describing the processing steps
that have been accomplished for each messags being trans-
mitted over the communication system, togethor with the timeo
the message failed to complete proceseing, or the time it
reached its destination., These reports constitute compiste
histories for emach message being processed over the ocrmmunica-
tion system.

F. Communication System Evaluation Methodology

The method of using the Simulator in evaluating communication sys~-
tems 12 briefly described., The tactical configuration and the initial
conditions of the concopt of cpsration for the tactical action are
datermined,

Communications Bystem "A" is then designed and played in the ocm-
puter in the context of the tactical situntion, Outputs are thon
evaluated subjectively. Normally this evaluation can be acocaplished
from two viewpcints, depending on the desire of the evaluator:
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One methcd would be to determine from the tactical oatput,
the time rocuired for the friendly force to achisve 1tw cbjectives,
the smount of attrition dealt the enemy, #nd the amcunt ¢f attri-
tion incurred by the friendly forces,

The other mathod would be to evaluate the communication out~
put and deicimine where "bottle-necks', or problem sreas, might
be occurring.

Competing commumication system "B’ 1s then designed and evaluated
on the compater, using the same tactical problem. Based on ths results
of these comparctive computer ruus, one can analyze the data and deter-
mine the reiative merits of the two competing systems. It must be
remembered that this coupariron is not accomplished by the Simulator
itzelf, but by sabjective evaluaticns made Yy competent communication
systems designers and/or tzctical olficers, based on data outputs pro-
duced by the Simulatar,

From tae outputs of the computer runs, evaluations can be msde of
the sffects certain characteristics of communications systems have on
given tactics in combat, or tiie effects that differsat tactics have on
a given communication concept.

G. ‘surrent Scenario and Use -

Several scenarics have been coanstructed during tbe procese of
develupmant, aid used for test purpeses. The largest one, and the one
now in use, describes initisl cenditions invoiving an Armored Divisioa
against a reinforced Mechanized Brigade where the units range from
Company to Division in size., This Division level scenario is presently
available for experimental runs, and is the one which is heing uscd in
the ~urrent contractusl effort. This scenario is called "Goldleaf".

The ""Goldleaf” data base presently simulates the action of an
Armored Division attacking a reinforced Mechanized Erigade, with hoth
sldes vrganized under current tables of organization sand sgquipment., %The
scene iz a varied plece of terrain in the Fulda Gap aree of Germany.

The attacking Blue Corps of the NATO forces, «% which the Armored
Divisior is a part, has the mission of szizing the eastern exits of the
Thuriigian Mountains in the vicinity of Eisenach. The Corpz kas planned
thic miscion in three phases:

¢

Phase 1 - Establishirg a bridgchead on the Lahn viver,
Phase 2 ~ Seizing crossings cver the Fulda river,
Phase 3 -~ Capturing the Eisenach Mountain exits,
Tte guwe i1s 1lnitiaved with Pnase 1 completed and thc Corps reservs,

the pertineat Blue Axmored Division, committed, The committed Division
then advances xt fwlli speed, in an qffort to seize the Alsfield ares
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with its approaches +o the Fulda river, On the opposing side, a Red
Corps has beer fighting a delaying action with strongly reinforced
Armored Cavelry anits, YUpon losing the Lahn river positicn, Red {orps
decides to defend the Alsfield area with a resgerve Mechanized Infantry
Division, thus hoping to hold the area until the arrival of rein-
forces.muts,

Tho action on the Blue side will cause deploymeni of sll Battalion
task forces, commitment of Brigade reserves, and probably, commitment
of the Division recarve, On the Red stde, the reinforced Armored
Cavalry regiment manning the Division general outpest line will be
driven in, all forward defense units of the strong Red Brigade will
becume engaged, the Brigade roserwves will be commdtted, and r»esibly
the Division reserve will become committed, The Blue Armored Diviaion
" will bave to cover abcut 33 kilometers to reach iis cijective, and the
Rad vivision will .e controlling elements in contact over & depth of
about 28 kilometers, Under usual circumstances it will take about
eight hours or leza for the Blue Armored Division to resch their ob-
Jjectives, If they have not reached their objectives by eight hours, it
is agsumed that the Red Forces reserves will have arrived in sufficient
size, quantity, and quality to preclude the Blue Furces from achieving
their objectives. Approximately 250 units of organization are played
in the attack., The communication system of either the attacker or
defender or both can be evaluated, '

Currently, the validity test 12 using this scenario and will permit
the evaluation of the use of a Radic Central ANSUSC-3 in specified
organizations in lieu of radio-wire integration units. The results of
the evaluation will then be compared to the resulis ¢l two recent
large scale field maneuvers which used the Radii Central ARN/USC=-3 in
8 similar manner,

H. Summazz

In sasence, the Ground Combat Communications Simulation Model, as
it stands today, is the start of automating part of the work required
in develcping Combat Development Communications Studies, 1t is that
portion of work which needs exorbitant experience and training of
authors, and which also forces the author to imagine himself in the
future of 10~20-30 years - a talent Zfew have, By medifying emphasis
from communications to other areas of study, these same techniques can
be applied to other cumplex Army problem areas,
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OBJECTIVE CRITERIA
FOR
. ELIMINA 'ING LOWER ATMOSPHERIC EFFECTS
FROX

FIELD TEBTS OF ARMY COMMUNICATIONS~ELECTROKICS SYSTEMS

RY -
Mr, Kenneth M. Baraett

ATMOSPHERIC SCIENCES LABOLATORY
U. 8. Arry Electronice Command

ABSTRACT

Charts glve objective decisions 28 to vhether or not
lover etmospherio refraction, adsorption, scettering, or
dueting will introduce eignificant e¢ffects into electroemagnetic
propagation data gatherad ae part of systoms test in southern
Arizone,

If all oharte give negative results, then congurrent
obvservations of stmospheric conditions can be eliminated from
the taet.

If one or more charts give positive results, then cthe
requirenent for concurrent observetions of atmcspherir econdi-
tions has been identifiad.
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Objective Criteria
for
Eliminating Lower Atmospheric Effscts
from

Field Testu of Army Communicationa-Electronics Systems

by

\

Mr, Kenneth M, Barnett

Atmospheric Sciences Laboratory
U. 3+ Army Electronics Commend

INTRODUCTION

The U, 8, Army Electronizs Proving Ground at Fert Huachuca,
Arizona, is ovne of the biggest single users of the meateorolo~
gical services that are provided to RDTAE activities throughout
the Army by Army Meteorclogical Teams. The teams cre provided
by USAERDAA which is also at Fort Huachuca, These met servicer
for USAEPG include metecrological observations taken simulten-
eously with field tests of radio end microwave communicsation,
aircraft navigation, redar, surveillance and electronic warfare
systema, The purpose of these observations is to allow for
corrections in electromagnetic propagation data (signal strength,
radar position, etc) which nave been szltered by atmospheric
refraction, ducting, scattering or abmorption.

It is obviously important that the "correct" meteorological
observations be taken. The cost o” the met cbservations
themseslver and the cost of correcting the propagaticn date for
atmospheric effects can reach several hundred thousand dolliars
in a year. Of even greater concern iz the question "Were the
right atmospheric observations made and vwere the right correa-
tions made to the propagation dats?"

For the past three years a emall ressarch program has been
conducted by USAERDAA to sec if an objective procedure could be
devised for édetermining the right kind and the right smount of
mat observaticona thaet should be taken &8 part of the field tasts

of Army Cammuniasstizcns Blgcironics Grewems (CES) perrormed by

the USAEPO throughout southern Arizona.
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Trnie paper represenis the first of two steps that are
required for a systematic and obJjective planning of Lhe
atnodpheric observetions needed as part of the data collection
phase of any field test of a specific CES, The other step vas
presented by the author at the 1964 Army Operations Research
Symposium in & paper entitled "The Flanning of Optl.um
Meteorological Observations for Army RDTAE Activities", These
tvo papers suprlement each othar and combine into a total pro-
cedure for planning the atmosphrric observations raquired as
part of the field test of a CES.

This paper presents the first step that should be take:n
by an engineer who is planning a CES field test and is confronted
vith the question "Du I need observations of the atmospheric
conditions during the test and if so, what kind and how maay
observations are needed?" The first step is essenkially negative
in that it defines the atmospheric effects which can be ignored
or eliminated from the field test, If all atmospheric effects
could be eliminated in this way, then the field test c¢an be
Bafely planned without any concurrent observations of eimospheric
conditions, (This makes a distirction between "observationul
services” which is part of the data taking and "forecasting
services” which are neceded for scheduling test periods and for
avolding weather conditions hazardous to m=n or equipment. This
papexr does not attemp’ to provide criteria for such forecasting
services.)

If the first step gives & "yes" answer that atmospheric
refraction or ducting, for example, will significantly affect
gsome of the propagation data then it is necessary to take step
tvo. A procedure for this second step was reported in the 1964
Army Operations Research Symposium, as noted esbove, This
procedure may or may not be simple but it is straightforward
and, 1f sufficient theoretical and empirical information exiats,
it can be made objective, The second step is summarized here

1, Define the RDT&E protbtlem influenced by the
atmoephere.,

2. Express the physical relaticn betwees the problem
and the significant atmospheric factors.,

3¢ Determine the allowable error in atmospheric
frctors that corresponds to the accuracy tolerance f r the RDT&E
problem. )

4, Find the most economical meteorological instru-
uwentation, site spacing, snd schedule of observations that v’'1ii
measure the atmospheric factors within the allowable error,

This paper is corceraed with step cne, which objectively
definee those field tests of CES in which the atmosphere will
have no significant effect on the propegation data and hence can
eliminate tne need fur atmoapheric data asm part g2 tha Tielcd tawt.
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This paper has lucorpornted empirlcal data which makes step cne
appsicable to CES tests in southzrn Arizona. It is arsumed that
by using dirferent empirical data similar charts could be uade
fqr a different area if reguired,

DISCUSSION

If one considers an electromagnetic wave Drogressing tarough
& gas, the gas can do several things to the wave; the gar car
rafract the wave &nd as an extreme case duct or trep the wavey
it can scstter the wave; and it can attenuate the wave by
abgsorption,

This list is nct zumplete but 1t is contsidered a reasoaable
list ¢f the most importent effects that the lowar atmosphere will
have cn the short distence propagation psths of cthe CES tested inp
southern Arizoma. This obviously rules out ionospheric effazcta,

Ip the electromagznetic spectrum only vwavelengths longer than
visible 1ight (i.s, infra-red, microw: ‘e and redio) sre considsered,

Reflection affects of the atmesphere were not included since
it waa assumed that this can be considered as & limiting case of
refracticn, <This is receiving further attention.

A series of six charts have nov beern conatructed which
display these different atmospheric effects as follcws:

Chart 1. Atmocspheric Scettering, This shows the pro-
pagation frequency, path distance and antenna aeights for which
s contribution in the received signal strength of 6 decibelas or
more veczuse of scattering from the lower atmosphere (or
"tropospheric" scattering) can be expected.

Caart 2, Atmospheric Absorption. This shows the fre-
quencies at which absorption by any one of ten gases in the
atnosphere can be expected,

Chart 3. Atmospherlic Refraction on Radar, This shows
tha typical radar refraction error in the Fort Huachuce area for
ranges and heights from the radar., It is btused upon both
theoretical calculetions and actual observations of rader refrag-
+tion errors.

Chort k., Atmospheric Refractior Effects on Liae of
8ight Distence., This shows hov atmospheric conditions will cause
the radio horizon to vary. This alao requires some information
about the fregquency of occurrence of atmospheric refractivity
gradisnts as a function cf season and time of day. This latter
information could be considered specialized climantologicsal
information,

Char%t 5. Atmoopheric Ducting. This is & purely
thsoretical prediction of the critical frequencies for ducting
under certaiu stmospheric conditions. This also rayuires some




information sbout the frequency of occurrence of atmospheric
rafractivi®ty gradients.

Chart 6. Atmospheric Refractivity Climatology. This
18 @ purely emplricel chart which shows the probable frequency
with whieh certein atmospheric conditions are likely to occur,
Thnis chart is ancillary to Charts 4 and 5.

With these six cherts, an engineer planning a CES test in
southern Arizona can very guickly obtain an answer to the
question "Will the atmosphere significantly influence the pro-
pegation date on this test?” Charts i, 2, and 3 give a "yes" or
‘no” answer. Charts L4 and 5 used in conjunction with Chart 6
give a percentage probability answver,

If all ansvers are "no" or of low enough probability, then
he can ignore ithe atmoespherle effects. Thus he has objective
criteris for eliminating (lower) atmospheric effects from o
field test of CES,

1f one or more of the ansvers is "yes" or of high enough

. probability, then he has defined which atmospheric effects are

significant to his test end for which some atmospheric observe-
tions must be made az part of the field test. He can then
proceed with the procedure in "The Planning of Optimum
Meteorclogical (Cbservations for Army RDT&E Activities"™ to deter-
mine wheat kind and hov many atmospheric observations are needed,

EXPLANATION OF CHARTS

Chart 1. Atmospheric Scattering. This was determined by the
use of both theory and empirical data. The received power was
calculated for a diffracted field over a spherical earth of
4/3 radius. This was compared with radio propagation date
obtained in south central Arizona., When the cbserved power vas
more than 6 db greater than the theoretical it was considered
that scatter mode was significant. These date were obtained by
the U. S. Navy Electronics Laboratory during 19L46-1948,

The derivation of this :hart is more fully explsined in
the U., S, Army Technical Report ECOM-0268-1 "Criteria for
Determining when Scatter Mode is Dominant" by John B, Smyth
(under contract with Smyth Research Associates), Novesmber 1965,
published by USAERDAA, Fort Huachuca, Arizonsa.

Exanple: The variables are frequency, distance and
heights of the tresnsmitting and receiving antermnna., If a test
requires transmissions et 2x103mcs, then for antenna heignts
of 12 feet or lower, scatter propeyation is significant at all
distances; for anteana heights of 24 feet, scatter propagation
is not significant for distances lese than 25 miles: for
antenne heights of U8B feet, scatter is not significant for
distances less than 30 miles,




Chart 2, Atmospheric Absorption., This summariz~d an
initial survey of litarature. This was prepared by 1lst Lt
Richard Orville during a short annual U,5, Army Reserve duty
tour:. Ii is based upon approximately 20 reports from the
National Bureau of Standards esnd from U.,S8. Air Force contractors.
It ia hoped that further work can be done on this,

Example: At a transmission frequency of 15-20 Ges,
no significant atmospheric absorption should be expected. At
a frequency of approximately 25 Ges, significant absorption
from S50,, NOp and H,0 can be expected.

Chart 3. Atmospheric Refraction Errorg for Padars, This
chart applies only to radars located at Fort Huachuca., It
indicates a "typical' error that can be expected if the radar
beam is assumed tc g0 in a straight line, This error is
almost entirely (>90%) in the verticsl with the uncorrected
rader, reporting an aircraft to be higher than it actually is,.
These actual errors vary continuously with changinug atmcspheric
conditions and in extreme cases, might be different by factors
ranging from 1/2 to 2.

This chart was first calculated by a frrmula developed in
report USAERDAA-MET-T7-64 "A Review of the Calculation of Radar
Refraction Errors" by Barnett, Bomba, Heil and Kirchner,

June 1964 and published by USAERDAA, Fort Huachuca, Arizona,
The first version of the chart was contained as Figure 2 in
report USAERDAA-MET-9-6L4 "An Objective Procedure for Pianning
Meteoroclogical Observations NHeeded to Calculate Radar Refraction
Errors" by Barnett June 196L. This chart was revised to make
it consistent with observed date contained in Annex C to report
ECOM=60"4 "A Comparison of Observed and Calculated Radar
Retraction Errors™ by Barnett and Brown, July 1965, The
veriability of this erro- a%t low elevation angles is contained
in report USAERDAA-MET-2-£5, January 1965 and Addendum, May
1965 by Carlson.

Example: If ar aircraft or drone position during
flight must be measured by =adar to a certain accuracy, this
chart will immediately tell whether or not the radar readinge
must be corrected for atmospheric refractivity. If the aircraft
will go a maximum éistance of 60 miles from the radar and will
be a3 low &8s 10,000 feet msl, then the uncorrected radar wiil
report the aircraft to be about 500 feet too high, If the
required precision of the aircraft position is more than 500
feet, then atmosp™=2ric refraction cen be ignored.

Notet If much finer precision ia regquired, Char®t 3A gives

some indication of the accuracy to whriesh the covrractlons Lo thne
radar can be calculated with the use of very mirirnum atmospheric
observations, namely refractivity obssrvati-ns at the radar

gite zud monthly mean values at about 20,000 feet msl., This

18 also reported in technical report ECOM-~60CkL,
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Chart L., Atmospheric Refraction Effects. Thic is entirely
theoretical and applies to the determinatieon of the radio
horizon ard assumes a sphericel earth. <Chart 6 must be used
in conjunction with this chart. It snows how the radio
horizon wi.l vary with lower atwospheric conditi jus. When the
refractive index decreases rapidly with height, .he radio wave
is bent downward and the distance to the radioc horizon becomes
greater, This chart shows tnat theoretically ducting can
occur when the atmospheric refractivity decreasses vertically
at & rate greater than 48BN units per 1000 feet.

The derivation of this chart is explained in report
ECOM=6010 "The Influence of Atmosvheric Refraction ¢u Electro-
magnetic Propagation' which was edited by 2rd Lt Neil M.
Schmitt, November 1965.

Exanple: The variables are antenna height, distance
to radio horizon for & spherical earth, and ztmospheric
refractivity., If a transmitter and receiver are both at 20
feet and we want to ensure that they arr nct in a line of =ight
more than 50% of the time over an extended pericd of several
weeks, we go to Cheart 6 and find that for 50% of the time in
southern Arizc=mn the vertical gradient of refractivity in the
lover 1000 feet is -2LN upits per 1000 feet or greater (i,e,
-20 or =10 units per 1000 feet)., DNow ge to Chart k and find
the diagonal line for G = -24 and go down the diagonal line to
the intersection of antenna height of 20 feet. Then go down
the vertical line to the abscissa and find 7.8 miles. The
minimum required distance between the transmitter and receiver
would then be twice that or 15.6 miles., If the transmitter
and receiver had to be closer than that, then line-of-sight
transmiselen could be expected sore than 50% of the time.

Note: Chart 6 is a composite for all seasons and sll times of
day., If the test were for only a certain season or a certain
time of day or a ceitain general weather condition, & more
specialized versior of Chart 6 would be required.

Chart 5, Atmospher.c Ducting., This is a theoretical chart
and required three significant assunptions for its derivation.
It should be used with Chart 6,

Report ECOM~6009 "The Influence of Atmospheric Ducting on
Electromagnetic Propagatior”" edited by 2nd Lt Neil M. Schmitt,
November 1965, explains the derivation and assumptious.

Example: No ducting should occcur for verticel
gradients smaller than -24¥ units per 1000 feet. {-10N units
per i1UUU Teet would not produce ducting). Chart 6 shecws that
this should occur about 50% of the time over a lons period.

The depth of the atmospheric layer with this refractivity
gradlent {H) is also a factor. This layer cen be very shallow
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(100 feet for example) and produce a duct at frequency of L0 Grs
while the same gradient (-2Mi/1000Q ft) wouid have to be 1000
feat dee: to produce ductiug a® 100 mes. -

Note: Report KCOM-0268-2 "Refractive Index Gradients Gile
Bend-Duteland, Arizona Area" by John B.. Smyth (under contract
with Smyth Research Associates) November 1965, gives some
frequency distributions of the refractivity gradients through
dlfferent depths of the atmosphere. It can be used to supple-
ment Char:i €.

Chart 6. Atmospheric Refractivity Climsatology. This is
the compilation of 679 radiosonde, tower and captive valloon
observations of refractivity in the lower atmosphere from Fort
Huachuca tc Yura, Arizona, with the bulk of the data taken at
Gila Bend, Arizonsa,

Report ECOM-0£68-2 supplements this and is based on 160
separate soundingsa.

The use of this chart was expleined in examples to Charts
L and 5.

Many appruximations and assumptions have been wade in
developing these charts, It is valuable to verify these charts
with actual measurements of field strength, radar refraction
errors and other values., Some experimerts to measure refraction
errors have alresdy been completed and experiments are planned
in the next few months to meaaure field strength due to
difrerent propagation modes.

CONCLUSIO¥S

A et of charts are available to tell the engineer who is
planning a CES field test whether or not atmospheric refraction,
scattering, ducting or absorption will significantly influence
the EM propagation data to be gathered as part of the field test.

If all charts indicate that the atmosphere will not signi-
ficantly influence the test data then no ccncurrent atmospheric

observations will be needed as part of the test., This "eliminates"

atmospheric effects from field tests of Army communicetions-
electronics systems tests,

IS the charts do indicate thet one or more atmospheric
effects will significantly influence the test date, then the
engineer has defined the kind of atmospheric observations that
rust be made concurrently with the CES propagation observations.
A subsequent method to determine the exact kind of meteorological
observations reguired and how many required was explained at
ths 150Y% Army Operations Hesecarch Symposium in a paper entitled
"The Planning of Optimum Meteorological Observations for Army
RDT&E Activities”,
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CHART 3A. PRECIBION TO WiICH RADAR REPRACTION
RRROR8 CAX¥ BE CALCULATED BY USBE CF SURFACE REFRACTIVITY ORSERVATIONS
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0O 120 30 160 eC t$100fse

RME VALUE OF PRECIBION TO WHICH RADAR
REFRACTION EZRROR CAN BR® CALCULATED,
RANUE L0 MILES

This datas is iimitad to data taksen along an asimuth of
321% from the PP8-16 radsr at Fort Huachuca during
daFliight. The method used i3 a comyuter progran RA-112
and is bssed on an atmospheric refractivity condition
vhich decressezr eoxponantially from theo surface nboervad
valug of the refractive index.
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LIF®.CYCLE MATERIEL FACTORS
AND THEIR APPLICATION TO THE PLARNING
AND OPERATING MARAGEMENT OF A FLEET OF VEHICLES
by
E. Rattner

Research Analysis Corporation
McLean, Virginia

ABSTRACT: Tue paper presents a computationsl procedure for determins-
tion of total fleet cost, from phase-in through "equilibriwa" as a
function of an age degrad’.g vehicle performance parameter termed
"worth." The latter 18 quaniified as the product of a "success index"
and an "obsolescence factor.” ‘[The "succeas index" 1s the empiricelly
determined probebility of & tank, for exrmple, belng available aud
gufiiclently relisble to complete a “U-mile movement a” any time.

The “obsolescence factor” represents ‘he tank's mission perfcrmance
capability on a scele of 0-1.0. Botb factors, and hence the "worth
index" are functions of the tank's aze. measured in botih calender
years and mileage.

This papey proposes an approach to the evaluatinn eud cozting
of a flest of combat vehicles. It considers &« situaticn in which:
. A new-model combat venicle flest (e.g. the MHO tank, is
being phased in to the combat inventory and diwplscing the earlier
rodel fleet (Chart 1).
. Fleet pize requirements have been determined for the new
fleet and for each of its functional seguents,the "subflests” (Chart Z),
. The usage requirement for each segment has also been determined,
A meesure of vehicle perfoimence effectivenese (a "Worth Index")
is in use; it is primarily releted inversely to usage (accrued mileage)

ard to a lesser degree related inversely to time (vehicle age) (Chart 3).

« The cumulative costs through the mileage life of a typical
vehicle have been sitimated,

1. V¥hst kind of relative effectiveness can we expect in the
projacted fieet?

2. What will the fleet operating cost be?
3. What will the cost be of establishing tha projected fleat?

k. Whet rate of production vill be necessary for replacemenis?

s
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Chart 3

Indices of M6Q0 Tank Performance,
By Accrued Mileage
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THE FLEET PLANNING MODSIL

Genazrel Approzch

The fleet planni..z mndel 1s based on the life-cyvle performance
and cost pattern of the typical vehicle. By extension to a continuous-
flow steady-state model, in which there are a great number of vehicles
pessing through the system, the characteristics and elternatives of thae
projected fleet will be considered.

ha steady~state of the vehlcle system begins st the conclusion
of thm phase~in psricd. The phase-in perlod represenis the "lnvestment®
procass in establishing an equilibrium "weapon wystem.," Phase-in in-
viudes 211 the effort and cosv involvad in acquiring and operating a
vahlcle fleet to that point at which it can begin to operate on a steady-
state bosla., As & corcollary, 811 costs incurred during the equilibrium
phass are system operating costs.

The thrsa major ceat elements during the equilibrium period, ec~
quisition ccst, maintenance ccst and rebuild cost, constitute categories
of system operating cost (in contrast with their designations as fac-
tors of singie vehicle costs). Vehicle acquisition during the phase-
in periocd 1s an investment cost, an investment in achieving an equilib-
rium fleet. 3Ry ths sams token, the maintenance cost during tke phase-
in period would &lso be an investment cost, although in convertional
economic usage, it wculd be cconsidered as an operating cosat.

The elements of this planning model, given a subfleet struciare re-
quirement and the usage annually for each subfleet, are {Chart &):

3. Calcalats the usage rate per vehicle for each subfleet.
2., Calculate the lower limit of the worth of the Active

SubTleet (az the criterion for the entire fleet profila) as a function
of age and mileage.

3. Select & minimum worth threshold for the Active Subflest.

L., Cslculate the vehicle flow rate that will provide this
worth threshcld.

5. Calculate the profiles of fleet worth and cost that the
vehicle flow rate will provide.

These reveral steps can be shortened if the plenner is gilven at
the outrel thres sets of data:

), The subfleet structure (Vb }. *
i
2. The subfleet annusl usage (ui ),
t

3. The Actlive “ubfleet minimum worth threshald (W

F,)'

* A List of Symbols is at the end of the paper.




Chart 4

Fiee. Planning Factors and Reguirements

Fleet fitructure Requirenente (VE )
1, i
Training-Use Requiramgint (b,
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.
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The flow -ate can be calculated from these inputs, the values of
a, b, and O are kuown from empirical data:

V.
t log W, = log &

The Mechanics of Vehicle Flow During Equilibrium

Uce Patterns. A tank fleet is being operated in equilibrium; to
observe the fleet operating pattern, consider a typical vehicle in flow
through that system (Charis 5, 6, and 7). 1In Chart 5, "Hypothetical
Use-Life for an MAO Tank," the new tank enters the Active Subfleet and
begins tn accrue mileage st a prescribed rate of usage, U;. When iis
replacement errives to enter the Active Subfleet, it will be at the
roint shown as h&i (mileage at the terminaticn or its use within the

Active Subfleatj, which time point is designated as t It then enters

g°
the Reserve Subfleet at « different (presumably lesser) rate of usegsz,
1, and when it has acquired & given eccrued mileage, N[% at time t& H

it is transferred to the Inactive Subfleet. In cur examplas, we show

it as accruing no mileage in the Inactive Subfleet (s = 0) until the

time point, tE » vhen 1t washes cut <f the Inactiv.: Subtfleet as well as
3

the total MAO fleet. The usage of this typical vehicle has its conse-
quences in patterns of performance capability and cost.

Performance Patterns. In Chart 6, "The Hypothetical Performance
Potential for an MbO Tank," the typical vehicle's performcnce-life is
depicted, starting with a performance capability, measured in Worth In-
dex values, close to 1.0 at the start of its fleet life. 1In time, as
it wears out through use and is affected by cobsolescence, 1ts potential
for relisble performance diminishes until it ccmpletes its service in
the Active Subfleet. At that point in its iife (shown as Mﬁ }, it is

tranaferred from the Active to the Reserve Subileat.

The lessening of its cepebility continues until it completes its
Reserve Subfleet life at mileege MF . At this point, under the usage
B
depicted in Chart 5 (no additir 1al milesge), the performance curve
simply contlinues to descend, affected solely by otisolascence, until the
mileage point shown in Chart 6 as b&b {+ime voint is tii)' At the con-

clusicn of its Inactive Subfleet life, the vehicle has reached its lowesat
point of capability. The dotted line shows & potential medification in
this performance pattern thut could be accomplished bty a rebuild at some
point about half way through its life. The rebuild mileasge-point desig-
nated here as MR’ is the point at which the rebuild would be instituted

for each vehicle flowing through the system,
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The reliability of the vehicle can be largely restored by repuild-
ing. Under certain vehicle-use patterns, retuild may be instituted more
than once. 7Tn each instance of rebuild, there is both a gain in per-
formance and a7 offsetting cost for that rebuild. Apart from pointing
out in Charts 5 a.! 6 that a prescribed rebuild policy can mcdify both
the performance and cost patterns of the typical vehicle, we will defer
consideration of the effect of rebuild in order to avuid complicating
the model at this point.

Cost Patterns., The cost pattern of the same typical vehicle (Chart
7), shows & very large acquisition cost, maintenance costs accruing through
extended use at an increasing cost rate until the completion of the
vehicle's Active Subfleet life, ME,’ with & continuing increase in the

maintenance cost rate through its Reserve Subfleet usg2, The rebuild,
whose performance effect was shown in Chart 6, seen hare as a rebuild
cost (Cp) instituted during the letter half of the Active Subfleet life,
is a large immediate cost increment somewhat offset by the lower cost
for maintenance for a period subsequent to rebuild., We have made an
assumption that the maintenance cost of a vehicle in inactive status

for some several years is negiigible [i.e., zero cost) compared to its
previous operating cost.

The three charts de;'ict the hypotheticel experienrnce of a single
vehicle flowing through a cowhat vehicle system in equilibrium, De-
pending upon the two key parameters of fleet structure (i.e., fleet
and subfleet size) and the training-use requirement, these curves vary.
The usage rate per vehicle determines the costs directly and the per-
formance inversely.

Fleet Operations As a Flow Process

Background., The operation of the balanced fleet can be viewed
simply as the flow of evenly-spaced vehicles through these use, per-
formance, and cost patterns, For example, if we assume that the cain-
and-loss rate of this equilibrium system were 365 wvehicles per year,
any given vehicle at some point in the system would follow its immediate
predecessor in the system by one duy and lead its successor by one day.
Each of these three randoml r-located vehicles would have assessable
performance capabilities depending upon its mileage accruel at that
point in time. Similarly, each would have generated cumuletive costs
described by the cost pattern curves.

No two vehicles within the same orgenizational unit run exactly
the same number of miles, even cn a common activity as a training exer-
cige. While it is true that mileage is nct* accrued as continuously and
evenly as we as.ume here, yet for large groups of vehicles, and we are
attempting here to predict for a fleet and not for a single vehicle,
this depiction ot the expecied experience ui o siugle veniZle is the
average of all such vehicles in the flaet.
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Major Factors iu Fleet Planning,

Operutional Patterns. The primary determinant of vehicle per-
formance and of costs i usage, as measured by accrued mileage. For
the purpose of furthz2r :nvrlysis, we can convert the performance poen=-
tiul and cost pettern ci.rts into functions of time or of numbers »f
vehicles, Tha2 advantege would be to show the influence of time on cer-
tuin performance and ~ost levels, and similerly, the influence of the
flow rate of vehicles through the syscem can be enalyzed more reedily
by converting milesge into vehicular values.

The two basic factors which asre needed to initiate our fleet plan
are fleet structure (subfleet cizes) and the ure requirement., Th= lat-
ter faccor is the aggregate numbar of miles of use for each subfleet
annually.

Consider a hypothetical tenk fleet, Fleet X, with its Active, Re-
serve, and Inactive Subfleets, respectively X;, X, and ¥ . Assume
that the fleet size requirement (V,) is 5,000 vehicles with the respec-

tive subfleet sizes, (VE1=) 1800, (VF‘=) 1200, and (V,, =) 2000, and
0

further assume that the required operating rates (ui ) for these sub-
t

fleets is 900,000 miles annually for Subfleet X, 100,000 miles annual-
ly for Subfleet X;, and O mileage for Subfleet X3, a total of one mil-

lion miles annual use. Symbolically, the first set of data are the Vﬁh
i

vaelues and the second set ere the U ,values. The annual operating rate
per vehi-le (Ui) for esch subfleet is then,

i)
U, = 1y
i —
VE
i

meking the respective subfleet values, U; = 500 miles per year; U, = 83
miles per year; and Uy = O miles per year.* Ui is determined by the re-

~rirements, and since Uj is equal to the mileage accrued by a vehicle
i1 a glven fleet, divided by its lifetime in that fleet,
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at a congtant rate of use, the mile . . accrued during the vehicle's
period of life in a given subfleet 1s directly related to the time
spent within that subfleet, If we dotermine the subfleet lifetime (tE ),
i
we can nrescribe the accrued mileage limit for that subfleet's venicles
(M_ ), and wvice versa,
MEi

One simrle logistical policy based upon this fact is to prescribe
an indefinite lifetime within the subfleet so as to "squeeze" as much
mileege as possible fiom a given vehicle in its subfieet life, Obvious-
ly, these vehicles d» not have an indefinitely long lifetime beceruge of
their depreciating worth through operating use and time,

Worth, Subfleet lifetime is a function of the minimum standard of
perfo?mance that we will accept {or the subfleet., It is a function of
such a standard whether we recognize the existence of any standard of
performance or not. The performance measurz tha* we have referred to,
the Worth Index, can be applied as the busis for determining the mile-
age life and time “vr our subfleets., Using a minimum performance capa-
bility of the Active Subflcet as cur limiting criterion, lifetime and

accrued mileage fnty Subfleet Xl can be determined from the Worth Index.

abM( e

.96k (.999959)™ (Lgub)®

W

W

If we establish as & minimum performence standard the worth of the
least effactive vehicle in the Active Subfleet, we can compute the age
and mileage limits that each standard would impose, For example, for
a minimum worth level of .5, a vehicle would be 8.4 years in the Active
Subfleet, Thls is the worth of the oldest vehicle that has passed
through the Active Subfleet and is to be transferred into the Reserve
Subfleet. If we accept a minimum Active Subfleet worth of .6, lifetime
in the Active Subfleet would be 6.1 years; for & worth of .7, its Active
Subfleet lifetime would be 4.1 years (see Table 1).

The value of the minimwn worth determines the lifetime, ard con-
versely, the lifetime determines *he minimum worth level within the
subfleet, Determination of the acceptable minimum performance stan-
dard 1s not the function of the logistical planner, but he can feed-
back the cost and effectiveness implications of elternative standards
to the reguirements staff.

If the fleet had a .6 worth minimum for its Active Subfleet, then
t_ would be 6.1 years and at that time " vehicle will have accrued a

5
mileage of 3,037 miles. What is the rate of replacement (Vf) for

this ".6 Fleet"? The rate of flow of vehicles, as we have stated, is
corstant for all parts of the system.

.
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TABLE 1
VEHICLE WORTH A A FUNCTION OF MILFAGE AND TIME

(Age and Mileege at Transfer from Subfleet X, to
3ubfleet X, for Selected Worth Values)

5 5 A
.5 8.%100 (years) h205 (miles)
.6 6.0738 3037
1,1003 2050
.8 2.3894 1195
Based upen: W = abM 0 g

964 (.999959)™ (.oh)®
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v, = VE
t % = 1800 = 296 vehicles per year
t B
B
or
v, = % = 900 = 296 vehicles per yeer
g o T ALV S S €5 per yea
ME‘q 3)037 >

The flow rate of the ".6 Fleet" is 29¢ vehicles per year. Through
similar computations, we can complete the equivalent parameters for sub-
fleets X, and X;. The typical vehicle would have accrued 3,037 miles
when it Jeft tne active fleet (MEI). It would enter the Reserve Sub- \

fleet for an additional four years, accruing an additional 337 miles,
It would then be assigned to the Inactive Subfleet (without further
mileage) for 6.7 additional years. This would be a total fleet life
of 16.9 years with a total accrued mileege of 3,374 miles. The aver~
age annual usage for the total fleet experience would be 200 miles per
ycar per vehicle,

What are the implications for the performance capebility of the
three s:hfleets under this operating use and replacement rate? As we
have sair, one of the bases for this fleet was a minimum Active Sub- ’
fleet s-indard worth of.6; the performance capability of Subfleet ).
would range from the hig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>